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^M^^^^^x:\^/3.^^^^v^^^^ s}.o^^ A]^^ o]-g-*l- ^o]^^ 

Sl^ ^ yj-^ {SYSTEM AND METHOD FOR COMPENSATION TIMING ERROR USING PILOT 

SYMBOL IN OFDM/CDMA COMMUNICATION SYSTEM} - 



i^-El-^ 

£4^ ^ ^^^^ ^^1 ^5i^54^^-t4^/^^^^cf^^^ -i-^Ai 

^ ^^^^ *a -a^l <^H1 ^i]I^3|-=T^^-^/^^^^ci-^^^ 

^EflcH]Ai 2)-<a^ >a-<y 

£6^ ^ ^^s] <^ ^A] c^lofl ti^-s 3]ji7^s|.>^c^^ oi:g-:f.AiAl^E^oilAi ^^^V 7] 
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^7] Bl-olnj ^^jjoljA-] ^SjSl^ 2}-^^ oj^^V iB^o]u^ 6\]E.] 

^J-'^* M-^'i 



■<io>-^ ^tiV^^S ^^E^sl-^^^cf^COrthogonal Frequency Division Multiplex: t^l^V 
•OFDM'el- ^)/^^^"&^^^^(Code Division Multiplex Access: 'QMA'^ ^) 

^1^^^^ 7}^]^ ^J:^A^ o]-g-^rf. ^^7] OFDM/CDMA ^^aI-^^eAo^ ^a] 

7l SEt!" 4^ ol^^^ldAl^^S P>$7HS. ^SAl 4^X1 7] S^E^ ^-tl^]^ OFDM 

^:&» ^7l^^>7l ^7], ^7], ^21-^ ^7] ^^tlrCV. 

OFDM/CDMA ^^^l^^S^ ^2:^1 ^^lil^^* -n-^1«fl<='> ^}B.S. ^^^^ ^7] 7} o]^o]7^ol z\ 

ml^^^ ^ 9X^. ^^^^^^^^^ Ai^^o^ ^in^^^ -a-^]^ 

^^3). 5>^T=}. 

<ii> Hl^ ^^2^^ OFDM/CDMA ^^Aj^eflo^ -i-^ ^^i^o]ji^ s|-<a^ 

<12> ^Al7lo] ^A^o. ^rg^}!^^ 3]-^^ Afl^ ^'^71(101)^ ^tiV^^S. N7ll^ >g 
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c-flolEi ^li^ "y^^^Jl. £25} ^o] o^^J^^^^ ji}-o^^ Afl^^ ^oj^|. 

^ ^c}-7i s}-^^^ Afl# ^s^^j-'^^ii^ ^'^i^ -a-'a^ ^^1^ ^^1 

dioiE^i- xi<aAi7^ ^<a*>^ Afl^ c-floiE-ii- ^^^^^H -a-^a^v^ «c}- 

71(103)^ ^7] s)-<a^ Afl^ ^<y7i(ioi)<Hi^i #^51^ 2}-^^^ t^l^l 

^Sl^]-<:»^ ^ Jl^ ^.Sl^^l ^^^(Inverse Fast Fourier Transform: <^1^> ' 

IFFT'sf ^-105)^ #^^4. ^7] IFFTdOS) 0]^^] 4^^^ '^^•^l^i =t^^^^^ 

cf. IFFT(105)^ ^7] 2|/tg^ ^$7l(103)«11^i N7l]^ ^^^tH^lB]^ '^j^^'^V 

/^t ^^71(105)^ ^^-71 IFFT(105)<>llA-l Afl^c-flojE^l- ^ wl:o> N7fl ^^^s. 

^^^51^ OFDM ^^i* ^"^71(107)3. #^^1:^1-. ^S^7](109) 

^ ^7] # G7flsl Afl^^ ^A>t!: ^7] OFDM St^^fl 

>y.o]^].c^ c1^m/6>^^zi ^«:^(Digital to Analog Converter: <:>1^> 'DAC'hI- 

^•-109)^ ^7] ^J:^^ ^^7l(107)<^l^i OFDM ^J^^^<>> <^>^S.li ^ 

BflS OFDM ^^1- 

^7l ^^7loflA-1 ^A]^ OFDM -tlX^ T^^7l^ <^|-^^^/cl^l^ ^^-^(Analog to 
Digital Converter: <:'1^> 'ADC'S^- ^-llDS. OFDM ^^tb ADC(lll)^ 

^^1^ OFDM ^a^^ ^^^H iiJlT^^ ^'ll 7^ 7] (112)3. .a.^^:?]: 

71(112)^ ^7] OFDM -a^^ 'a^^^V OFDM i^^l^H ^l7l^>o^ 

#^^4. ADC( 111)^1- ti^^lJ: ^I7l7l(ll2)^ tfoloj A]^^ '?j^^<5> ^ 
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^^-t ^^W. ^/'^^ i^«:7l(113)^ ^7] ^J:^^> ^l7l7l(112)<Hl^i #^5]^ 
OFDM 'a^^W tll^lB-IS ^^^}^ ^^S. Wn^^. FFT(114)^ ^ 

^71 FFT(114)<^lAi N ^s^--^ cg-^oflA^o^ c^jolElolcf. 

3i1-<a^ Afl^ ^#71(116)5. ^'U^ ^#71(116)^ ^7] *€/^t^«:^ 

(115)<^]^^ #^5]^ t^lojE^ Alig^ ^^S]^ ^^^I'^l^l 4-*^^ ^^^1^ 

£|.olnj ^^71(117)5. #^*>J1, C-llolE^ ^^^7](119)S. Hl-O] 

^^71(117)^ ^1-71 C^jojEi FFT5] ol^> <^«1-A^ 1>51 SA^^ o]-g-^]- 

<=>^ Bj-oi^j ^^s. ^^^H -^-71 ADCCiiD^l- ^]7]7]ai2)s.-^<^¥^^ :^s.^ # 

<14> 1] 

-J— 

<15> 41-71 Efolty ^^71(117) o| ^^l^j o] :^^o. <^«|-A1 1>^ ^2:*>0^ ^^1^ 

^tg^Cf. Bl-o]Dj 4zjL7Kii7)- 4V7] 2|.<^^ Afl^ ^#7l(116)<>ll^i 2}-*^^ 

^^^^ ^iBl -^^Ji 7l^ ^^^i-o^ ^tt ^ n ^\%^\^ 

<16> ^^^V7](119)^ ^7\ ^#7l(116)S.^B] C-HojEi ^ <?J ^ ^ 

<17> ti>S!f ^ol OFDM/CDMA ^^^1 >i^5<^l>^i Hl-oji^J^ ^^*>^ 4 7\A 

7\ ^AA. ^1-71 ^c] c^lolE-l A>ololl 51-^^ -a-'a^V^ ^ 
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^ OFDM/CDMA ^ ^^##<^1 ^^J^.* 7Hji 9X^b.S. 

^^18>- HElJl W1;5.11S ^^^«=>11^i^ #^171 ^ ^^^^ 711^1- 2 

^Hl- ¥^M-7fl Sl^H CflolEi :^^^o] 7]^^^ ^>-g-^l-7l ^^l^^l $14. 

<19> /fl Willis. 2}-'^^ ^"^^1-^ ^-f Sl-<^^ Afl 

<20> A]:^ cg^o] FTO^ 71^1 711 "^^^l^i 

^ o]^ ^(Shift Term)-^^ 4^14711 ^^n, ^^V^sj- ^^^4 ^ ^s)-^ o.s. 

7> FFT^^ Tl^lTll Sl^g lAfl# o]^^ o]^o] ^^^g^}7\] 4^^^ ^fll- 

ol ^^<=>> ^ 4^ cflolE^7l- ^711 ^4. ^1^ ^^1^^ ^<a^ ^^l7l- <?^# 

^<^1^1 ^7l t^g-^C-i], ol ^^1- ^7} ti7l1 SlcH 7l^^ 

O.^^ l^o]xQ ^^7} «-7>^^>7ll ^4. 

<21> ^^l^O.^ <^1^2^^ ^li^<^l^i^ ^7l <=^«|-^ l><^lAi^^^ 4*^^ 4]^ 

4 7l§ ^1^5:1 ^-^^1-71- 2;rnek/N^S. <?ie)^ k-^] cfl^ 5J-^4. ^ ^^^^1" 

4 <?l^^i Ml i:flt!: 71^71 # ^*}o^ 2;r/N-^S 4¥<H^^ 4«^1^J Sl^ ng* 4^ n^^fl 
^ ^ ojc^, ^514 5J:ol ±;rs ^msl^ ^^^^ ^^^^ 4010. ^ ^ 

27-8 



1019990041669 2000/10/2 
Jl ±?r-^5-<^l^i dg^r ^^7> ^91^ °1 

C-l^ ^Zl-^ ^^5^:1-71] ^1=1-. B}o]o\] cg^^ D]^]^ ^Tfl 

^^1- <^leK Common Phase Error: CPE), ti]^^ o]^ ^^o] oj^c^-. 

sl^cii, 1?]:^ ^ Afl^o:) ^7i:e.^- €• k^-.y} ^S^-^ fft^# t^^Itii si 

^3X^^ ked^^ ^^^^ ^^^S Sl-olofl c^^^^ ^l^cf. o]^ ;g o. 

^o] ^^J- el-olo] ^A^^rf. Aj.7i el-^l-^lA-l £:E(Dot)S. S^l^ ^^o] jij.^^ 

<23> n&lS-S. OFDM/CDMA ^^^1:^^^ <^l^i 7]^^ Bfojinj ^>^^>^^ 
^^^^ '^l^^ ^^T^ a.^^^}: ^ Bfojnj^ ^;.j§]-c^o> ^rq-. 

<24> si^<^^ Afl^o;] x^^^ 51-^^1-^ A4iolt:f. EfolT^j ^^7]. ^ 

^J-^ ^^iJl, SEtl: ^o>^l^S, Afl^^ 

^ t-il, ^>l45l i^oll E^-olnj ^so^ 4yfl ojAj-o^ Sl-'a^ ^J^S. tbcf. 
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^^7]^ 21-^^ ^^i^ ^#*><:>^ ^^^91 ^91^ ^^H Ef<^l^o1 ^■ 

<27> .^1-7lt!: ^^^^>7l ^^fl^i ^ ^^^^ ^^^^^ 5l-0^^ A]^^ ^ 

H]-OlnJ ^= ^^^A]^^ <^^^^C5> ^1-71 3li7^2|.^^^tq-# AlJ:^ V]:^]^ ^Eflo] ^Ij^ 

<=H1 ^7] ^o^7l Efolnj A] 

"U^"^^} jaJi^^-g: ^iTl^H #^^>^ ^17] 7]^, ji^ ^e^oil 

o>^sii/t:l>^ll €^^21- :^l7l7l^ #^^>^ ^o]^^ ^^71 s. 01=0^:3^ ^ 

1}-^<^1 ^J'i^ ^^^r ^^t}^ 4^2]-, >a-7l 

7l§ ^ar>c^ ^^1^^ ^^^1-^ ^^4, ^^7l <U 
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Jl ^^^<^> tirci-. ^ -M^^*^! ^^^i. ^^1 71^ 

^ Bi-cinj ^vttjni- ^oiA^ ^cf. i^-a^ ^'i^ -a-^i]^}^ ^ 

<31> :£4^ ^ ^^^^ ^^1 c^l<^l ^M^S^^^^t^^/^S.^^t\.^^^ ^^A] 

<32> ^^71(131)^ t^]o]B] Ajigji]. Ntiflo^ eflolE^ 7}:^]^ S^l- ^^>o^ 'a^S]^ 
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c^lojEil- :t^Ve>o^ t^l'^'lBl ^^1- dl^^l^i^ ^^^^ 

cf. 21/1^^ ^^71(133)^ ^7] ^^7l(l3l)<^1-^i tllo]Ei ^g^«>o]- N7B^ 

Afl# cflolEi^ ^-^^^l ^«a7l(135)^ ^71 ^/^l ^ 

^7l«^lA-l <a^S]^ c-ll^lB^* ^a^^'^'V IFFT(137)S. #^^>JI, 

31-'^^^ ^"^-ir -a-^^V^^^ ^ 3xl-<a3J ^^^71(135)^ N7fl^ •'2l.<y^ 

^7] ^/^t ^*7l(133)<^1^-1 #^Sl^ N7ll^ t-llolE^^ ^^^51^ CllolE^ 

^€ <icHl o^;.j ^7]^ ^<?] #^^1=1-. IFFT(137)^ ^1-71 Aiig 71(135) 

6]]A^ ^ ^slofl ^^^>o^ OFDM ^'i^ ^7l OFDM 

^'iJ 7l(139)<^l^i ja.^^:?]-©! ^^slol DAC(141)# o}^s.ZL ^Efls] 
OFDM ^SLS. ^^^o] 

^^7]S] ADC(145)^ ^7] '^^7]o\]^^^ OFDM S 
.^^>^ i^^ll OFDM ^"^S. ^^^-c^ ;*ll7l7l (147)S 

/^I7l7l(147)^ -S-71 ADC(l45)<^1^i #^5]^ OFDM ^'i* ^^7] OFDM ^^<^ 
S^^^ :e.^^:?>^ ^iTl^H ^7] ADC(145)^ ^i^^^ ;^l7l7l(147) 

^ Efolnj Al^^ ^^^ol- FFT(149)^ ^>7l a-J:^^ ^] 

7l7l(147)<Hl^i OFDM 'a^^c.} ^^^] N7fl^ ^o]b]% ^ 

^S. ^/^m ^$^(115)^ ^7] ^IS. tilolEi* ^1 

^^^r>Q^ ^]o]B\ ^^-^ El-olnj ^ZjL7j(i5i)5^ ^ ^-^-71 ( 153)S. ^^>^7l 

(153)^ >a-7l ^/^l ^«:^(150)<H1A-^ cll<^lB^ ^'i^ "^^^^H # 

Sl-'a^ 4]^^ ^#*>*^ B^-olnJ o11e^7> ^#^1^ oil- -^d^l- 
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^7] ADC( 145)32}- jy.^^^ y(\]7]7]{U7)S. 

<34> >^V^t!: ^^7]^ 71]^ oil ^^'^W. 

<35> ^:^] ^Hl^^^ 2.^7} ^^^m^. tl: 1:^^51 ^s^^ Sl^^^ kg 

[Hz/symbol] Hi- ^ ^51- ^s]-^ ^^^^ ke/N[Hz/sample]ol JI, m 

^ n ^^11 ^2^^ k„,[n]^ ol^> <^«|-^ 2>S. M-B]-^ ^ Slcf . 

<36> ' l^^^ 2] 

<37> ^1-71 ^>0 7l^ -a-^ 71(139) ^sl- )(n,[n]ole|-ji ^>^, 

FFT(149) ^^^^ ^S. y'mCk]^}- FFT(149)^^ ^1^^^ y'^W-^le^- ^ 

^, ^71 y'„[k]^ y'm[n]^ <^1*1- <^^^ 3>S. ^ 9X^. 

<38> [^^^ 3] 



<39> FFT ^1^^ ^# Bl-olTJj (Timing Frequency Offset), E^-olnj ^i 

^> ^^idiming Phase Offset) Hl-ojx^j .^.^^ rie^Jl ^M, ^^^^^l^i ADC(145)1- 

^ lis^:^^ ^]7]^ FFT(149) *?^^^5l ^S.^ o]-8} <^^^ 4>fif ^o] u)- 

<40> l^-s^^ 4] 

<4i> ^7] y'^(k)^ FFT(149)'& AAA FFT^ ^^^o]] 
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^. 

<42> {^^-^ 5] 

<43> E^-Olnj ^^7l(151)<^l^i Y'„(k)S.^E^ Sj-^^^ ^'i^> ^#^>^ o] ^j- <^«}-Al 

<44> [^«|-^ 6] 

•ivhere w=0,/- 1 .2/- 1 .3/- 1 

<45> ^V7l 1^ Sl-<a^ ^<a^7lolc1-. >g-7] ^Al^ ii}.<^^ ^ o. ^g,^^ 

<46> [^^.i^ 71 

<47> o^7lAi :^ Bi;5(|l oi^>, k<Hl ^^^^ "a^?!: M-^M-^, 4^ 37fl^ 

8fl ^A]^ 2i-<a^ /yi^o^ ^^^^ ^4. 

<49> [^^A^ 8] 

<50> ^1-71 <^^^ 8>ollAi ^2}-^ ke7> 0^ ZX„,(k-ke) " ZX„,(k)Sl ^o] Q 
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S., -^^ ^1- el-^S] 7]^7ll- ^^t}c^ El-ol^^j ^"t ^ SZcf. ke 

7} Qo] o>ia ^-f. ZX„,(k-ke) - ZXn,(k)^ ^o] Qo] o>u|:e.s. ^fif B^-o] 

^cJ -2.^ nel- ^^>7l nifef^i ^ ^^^'^l^'l^ -2-^7> ^^o^lA^S b]- 

^l^J ^ 9X^ «o^^^ *>M-S., 2)-o^5i AflMo] 

^Vcf. oil- ^^^^ ^^^1- ^^fl: ^^1- ^^^o] 

9X^. <=>] 5fl^^ '=^^^^ ^^]%^^ ^^^i ^^^1 ^fe^. 

<5l> -si-- kefe ^> Afl- ^V^o^ ^^^n^ kei^ ^ o]^ 

kei^l '^^^ ked'Hl ^tb "^^^^ M-B^-M-S-S. 7] 

^7]6\] <^*j=^ nl^l^l ^^t:f. 

<52> £5^ ^ <a ^A] c^jo^l x^^ 2ija^2|-^u^^/:u o]:^:^A]Al 

<53> ^ ig-T^o] <^ ^A] o^loll 14^ 3lji7^3xl.^c^^ oi:^:f.A]Al^e^cllAl ^^V^j- 7] 

^ ^^*>^ ^^^#71(161)^ 3i|-<a^ ^#7](152)<HlAi <y^^>^ 

"a^^l-Jl, 4"^^ ^^1-^ ^^1-^ ^^^^V ^#71(163)5- #^^t:f. 

^^^^1- ^#71(163)^ ^7] S)-^^ A^^o^ ^^jl]. ^Al7l7> ^^Jl 7l§ 
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^(165)5. ^S\-^ ^^^^(165)^ ^7] ^^^} ^^1- ^91 

n-1 '^r^^ Bfolnj ^ = 5 M-E}^Cf. ^7] ^o]^ol >a-7l ^^^^ ^^l"^ 

^(165)^ ^1-71 ^l-^H Bl-Olnj ofle-] AlJ: Wn^^. Bfolnj ofl 

■<56> ^^o] ^^011 o^^i] ^-^(Fluctuation)ol ^^5^>^ 

^ ^^<^]^i^ ^^<=H1 ^O]^ tiV^A] +, - 7fl^7l- ^rV^ A>^^ 

<57> ^#7i(i6i)7v 5i-<^^^ ^a^i^ <a^^<^> #^^>^ 

, ^^1-^]- ^#71(163)^ 801^;^1S ^7] SOl^n^^]^^^ ^7] 

7i§ >a-^^if^^s.^E^ ^^j-^vi- ^tircf. ^^^^i-7> ^*fl;^i^. 

^^^m dTTtfl^ ^^-2-5- ^^t!:^-. ^1^ -^71 ^^O] ±yr o]^o] 7M:bS 
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<58> l^^^ 9] 



<60> ^^^«.(165)^ >^7l 801^7?loflAi ^.^V^> ^#7l(163)S.^B-] ^ 

""^■^^^V 803^7^]oflA-] ^^>e|-oio^ ^a^o)] o^^]] ^v^^^}^ ^o] nt^ ^» n*-^ 

^Stb^. 803^7^1 <Hl^i ^o] nt^^ ^7> n^Es]^ s[\^ ^S)-^ ^^^^(165)^ 805^^1 

6]1>A1 ^o] nt7} lol-^l-o^ 7].^]^^1^ ^ar^tVt:!-. -^^y] ^^^sj- ^o] nt7l- loj^Vo^ 

#^^1-'^ 807^;^1S ^«Ssr>Jl, nt7> in]^^ 7>^]Ta ol^fl^l El-oJnJ olje:] 

hel JlS #^3^>c^ 809^7113. ^«S^T^. ^1-71 807^7^1 <>l]^i^ E^-ojnJ ^aJw.^ 

(167)7> ^V7l ^^1- ^51-%= ^^J«-(i65)S.^Bl nei ii^ ^^1- <?^^^Jl, ^>7l nei -a^i- 
-4--»c^ Jioi] 11^5]. ;^^^«]] E}olnj o)ie^7i. ADC(145) ^ 

- ^ ^ 71 71(147 )S ^slJi 809^;^l«^l^ife ^^<^1 ^^oi 5t:^^ ^-a-sl-'el 

10><^1 ^^11 N/27fl2] ^^7l 271151 N/2 ^tti=l-. A^, 

<6i> \^^^ m 

ctaa ,^a,^^\:,a C-^^-l>af^a CI) 

ot-i-w, 2a-i-W2 .. .^ a-i-w^,C^ (iV-l)«-i-Wjy., A^<a-»-w^ (2) 

2 2 

<62> ^7l <^*l-^ 10>2l (1)^ Nol y^-^ 7l^7l7l- a*?! ^^^el-^^l zl- ^gl-s;^!- 
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# q-BfiflJl, (2)^ ^^o] ^0.0^ ^^#S;t#-ar M-E^-^a^. ^2^^ (3)^ N/27fl 
^ M-B^-^q-. 

#^^1::^-. ne^^ Ef^^l^J ^S. ^^5^(167)^ 811^:^]<=>\]^^ ^7] ned 

ned ii^^^:2:<:>fl n).^ Afl^ oltflc^ Bl-o]T.j ^^y} B^-o] nj 

ADC(145) ^ 7] (147)5. 

<64> ^71*1: a>s>]- ^o] ^ ^T^^ E}-o]^J ^2)-=^ ^^B] ^s^^ t^S] ^]7] 

-•^W^ 9X^B.S., ^^^] ^>HfloflA^H Bl-o]nJ 
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{^^^^ 1] 



JL^ ^Sloll ^S-f^ ^^^^^^^^^ 'a^^^^, ^ 



^l7l7lS4-, 



^71 S|-<^^ <a^^<^> ^j^tF ^^^-^^^ ^l-S-^>^ B^-olnJ A]^^ 

^V7l cij-^Szi/rlx]^ ^^-^^q- ^]7]7]S. %^^}^ Bl-^lnj ^^7lS. oj^o]^ 



[^^%^ 2] 
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